1. Postmitochondrial supernatants ofrabbit reticulocyte lysates were chromatographed on heparin bound to Sepharose 4B, and the fraction retained on affinity columns was separated by subsequent gel filtration on Sepharose 4B into three fractions, two of them active in protein synthesis. 2. The heavier fraction sedimented at 40 S and contained more than 10% RNA. This consisted predominantly of a 12S component, with smaller amounts of the 9S and 4S RNA species. The lighter fraction (18-20S) was composed of proteins with less than 1 % RNA. 3. Different enzymic activities were associated with these fractions. 4. In the presence of both fractions, efficient translation took place on combined ribosomal subunits of rat liver with added cofactors. Globin messenger ribonucleoprotein stimulated this translation 5-6-fold. 5. Relatively large complexes of all factors required for protein synthesis are apparently isolated from reticulocytes by affinity chromatography on heparin-Sepharose 4B. Such complexes may occur naturally in the cytoplasm of mammalian cells.
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Peptide-initiation factors required for eukaryotic protein synthesis are mostly isolated from ribosomal high-salt wash fraction (Filipowicz et al., 1976; Staehelin et al., 1975) .
A fundamentally new approach to the isolation of these factors has established that heparin is a potent inhibitor of initiation of protein synthesis in a Krebs-ascites-cell cell-free system (Waldman & Goldstein, 1973a) . This inhibition seemed to be specific for heparin, since other glycosaminoglycans tested were inactive (Waldman & Goldstein, 1973b) . This inhibitory effect of heparin on protein synthesis is distinct from the ability of this substance to act as an anti-coagulant (Waldman et al., 1974) . On the basis of these results, Waldman et al. (1975) developed a technique for the isolation of peptideinitiation factors using affinity chromatography on heparin bound to Sepharose 4B. They concluded that the interaction with heparin is specific for initiation factors, since the passage of postmitochondrial supernatants through the affinity column did not affect the activity of such preparations in artificial template-dependent elongation.
Results in the present paper provide evidence that, under certain conditions, not only peptide-initiation factors, but essentially all protein factors required for cell-free protein synthesis are retained on heparin-Sepharose 4B. In the presence of factors isolated in this way, efficient translation of natural message takes place on ribosomal subunits.
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Materials and Methods

Animals
Wistar rats (120-150g) and New Zealand rabbits (2.5-3.0kg) were bred in this laboratory and fed on a pelleted standard diet. Reticulocytosis was induced in rabbits by the administration of phenylhydrazine according to the schedule of Crystal et al. (1974) . Blood was withdrawn by cardiac puncture into bottles containing a solution of heparin (50 units/ml of blood) and was chilled immediately in ice. Polyribosomes from rat liver were isolated as described by Hradec et al. (1971) and ribosomal subunits from rat liver as reported by Hradec et al. (1974) . Peptide-elongation factors were separated and purified by the method of Bermek & Matthaei (1970) .
Globin messenger ribonucleoprotein was prepared from EDTA-treated polyribosomes from rabbit reticulocytes as described by Lebleu (1974) .
Globin mRNA was isolated from this preparation by extraction wit-h phenol/chloroform as described by Perry et al. (1972) . The same method was used for the extraction of RNA from proteins retained on heparin-Sepharose columns, if required. Densitygradient analysis showed that messenger ribonucleoprotein contained only the 15 S fraction, whereas the globin mRNA preparations contained the 9S component with a small amount of 12S RNA.
Centrifugation in sucrose density gradients was performed as described by Hradec et al. (1974) .
Incubations
Incubation mixtures for the assay of protein synthesis in postmitochondrial supernatants contained, in a final volume of 0.1 ml, 50mM-Tris/HCl buffer, pH 7.5, 5mM-MgCl2, l00mM-KCl, 1 mM-ATP, Kri"z, unpublished work). For the study ofdeacylation of initiator tRNA, incubation mixtures were as described by Hradec (1975) . Mixtures for charging tRNA with L-[3H]leucine contained, in a final volume of 0.1 ml, 20mM-Tris/HCI, pH7.5, 10mM-MgCI2, 10mM-ATP, 19 essential amino acids (25nM each), 2.5nM-L-leucine (0.1pCi) and quantities of protein factors and rat liver tRNA as indicated.
Assay of radioactivity Portions of incubation mixtures (75,u1) in which peptide-bond formation was assayed were applied to discs of Whatman GF 83 filters, and the filters were washed as described by Hradec et al. (1971) . Mixtures for the assay of aminoacyl-tRNA formation were treated in the same way, omitting only washing with hot trichloroacetic acid. Mixtures for the binding reactions were chilled in ice and filtered through cellulose nitrate filters (Spolana, Uhlfinves, Czechoslovakia). Filters were then washed with ice-cold buffers prepared as described by Hradec et al. (1971) . Glass-fibre and cellulose nitrate filters were put into scintillation vials containing toluene-based scintillation mixtures (Hradec et al., 1971) . Radioactivity was counted in a Nuclear-Chicago mark II liquidscintillation spectrometer with an efficiency of 40% for 3H. Protein and RNA were determined by the method of Warburg & Christian (1942) .
Results
Gelfiltration ofproteins retained on heparin-Sepharose
As checked by the translation of globin mRNA in the presence of the fraction not retained on the 1978 affinity column, the columns of heparin-Sepharose used in the present experiments could be loaded with approx. 150ml of postmitochondrial supernatants of reticulocyte lysates containing up to approx. 8g of protein. Under these conditions 0.8-1.0% of the total protein remained bound to the affinity material. Chromatography on Sepharose 4B of the fraction retained on heparin-Sepharose resulted in its separation into three well-defined fractions (Fig. 1) . This separation was very reproducible, although the proportion of individual fractions varied considerably with different preparations. In some batches, only traces of fraction A were present.
Fraction A appearing at the void volume of Sepharose columns was composed apparently of heavy aggregates resulting probably as artifacts from the isolation procedure. This fraction was already pelleted by low-speed centrifugation and showed no protein-synthesis activity. As revealed by density-gradient centrifugation, fraction B consisted predominantly of a 40S component. Besides that, small quantities of a 4S fraction were also present together with traces of a 15S component (Fig. 2a) (Fig. 2b) .
Sucrose-density-gradient centrifugation of fraction C demonstrated the presence of a single 18-20S component (Fig. 2c) .
Activity of separatedfractions L-Leucyl-tRNA complex was also formed in the presence of fraction B if no exogenous tRNA was added. Addition of rat liver tRNA resulted in a slight stimulation of the leucyl-tRNA formation. A 5-7-fold enhancement of the response to added tRNA was obtained, however, if globin messenger ribonucleoprotein or globin mRNA was present in incubation mixtures (Fig. 3) .
Fraction C was free of the aminoacyl-tRNAsynthesizing activity; it was, however, capable of peptide elongation. This activity could be demonstrated only if polyribosomes were present in the incubation mixtures (Fig. 4) . No poly(U)-dependent phenylalanine polymerization occurred in mixtures containing both ribosomal subunits in suitable proportion instead of polyribosomes. Addition of poly(U) in usual quantities (Hradec et al., 1971) to mixtures containing polyribosomes resulted in a significant inhibition of peptide elongation in the presence of fraction C.
In the presence of fraction C, moreover, binding of initiator tRNA to 40S ribosomal subunits as well as deacylation of Met-tRNAf was demonstrated (Fig.  5) .
Translation of natural message in the presence of proteins retained on heparin-Sepharose After the incubation of crude proteins retained on heparin-Sepharose 4B with ribosomal subunits, low-molecular-weight cofactors and either L-[3H]-leucine or L-[3H]phenylalanine no radioactivity was found in the hot-trichloroacetic acid-precipitable portion of the mixture. However, in agreement with others (Waldman et al., 1975) , the same fraction was fully active in restoring the protein-synthesizing activity of postmitochondrial supernatants of rabbit reticulocytes passed through the affinity columns of heparin-Sepharose (results not shown).
In the presence of separated fractions B or C only negligible incorporation of radioactivity into protein could be demonstrated. However, if both fractions B and C were added in suitable proportions, an efficient translation of added natural message took place. The translation was not absolutely J. HRADEC AND Z. DUgEK Mixtures for the binding assay are described in the Materials and Methods section and those for the assay of deacylase activity were described by Hradec (1975) . Both types of mixtures contained 6.3pmol of initiator tRNA. dependent on added message, but was stimulated by it by 3-4-fold. Globin messenger ribonucleoprotein or mRNA used in these experiments could be fully replaced by the addition of RNA extracted from fraction B.
The increase in hot-trichloroacetic acid-precipitable radioactivity was proportional to the incubation period for at least 5h of incubation. were added together at the beginning of the incubation, an incorporation linear with time without any lag phase was found with 14C, but virtually no incorporation of 3H was found during the first 30min of incubation. After this delay, a linear incorporation of 3H was again found (Fig. 6) . alanyl-tRNA and 30,ug of rat liver tRNA, and were incubated at 37GC for the time indicated. 0, '4C radioactivity; *, 3H radioactivity.
The system required ATP, phosphoenolpyruvate, pyruvate kinase and GTP as essential cofactors. In the absence of both ATP and GTP the incorporation was decreased to approx. 5 % of the original value. Omission of ATP and the ATP-generating system inhibited protein synthesis by 85 %. Omission of GTP inhibited the system by approx. 70% and omission of ATP by approx. 45%.
Discussion
All protein factors and RNA species required for protein synthesis are apparently present in the fraction of reticulocyte postmitochondrial supernatants retained on heparin-Sepharose 4B. The 12S RNA present in this fraction is found constantly in preparations of globin mRNA and its function is largely unknown (Lebleu, 1974) . Since globin messenger ribonucleoprotein or mRNA could be replaced by this RNA species in our experiments, it seems reasonable to assume that it acts as a natural template. Only a future analysis of the product of translation can give a definitive answer.
Only free amino acid and not aminoacyl-tRNA is utilized for translation in our system. This explains the delayed incorporation of phenylalanine from phenylalanyl-tRNA. Aminoacyl-tRNA is obviously first deacylated and the free amino acid is then utilized for the synthesis of a new aminoacyl-tRNA complex catalysed by synthetases present in fraction B. It cannot be excluded that aminoacyl-tRNA of bacterial origin used in our experiments cannot serve as a substrate for translation in a mammalian system. This explanation does not seem very probable, in view of the fact that aminoacyl-tRNA from E. coli is a very efficient substrate for peptide-elongation factors of different mammalian cells (Hradec, 1970) . Waldman et al. (1975) have reported that the portion of reticulocyte postmitochondrial supernatant not retained on heparin-Sepharose 4B retains its activity in peptide elongation. In agreement with these results, we have found that poly(U)-dependent phenylalanine polymerization is not impaired by the passage of postmitochondrial supernatants through columns of heparin-Sepharose 4B (J. Hradec & Z. Dusek, unpublished work). However, our fraction C is also very active in catalysing peptide elongation. The sedimentation behaviour of this fraction indicates that elongation factors are present here as rather large complexes. Multiple forms of EF 1 have been repeatedly reported during the past years. They occur in calf brain (Legocki et al., 1974) and also in rabbit reticulocytes (Kemper et al., 1976) . All these multiple forms seem to have a comparable functional activity and efficiently translate synthetic polynucleotides (Kemper et al., 1976) . On the contrary, peptide-elongation activity present in our fraction C is unable to translate artificial templates, although it is very active with polyribosomes. It (Waldman et al., 1974) .
No translation takes place on ribosomal subunits in the presence of the crude fraction retained on heparin-Sepharose 4B, whereas fractions separated from this material by subsequent gel filtration on Sepharose 4B are, if combined, very active in this respect. This fact seems to indicate that an inhibitor of protein synthesis is present in the crude fraction and is eliminated by subsequent gel chromatography. The isolation of such a factor in reticulocyte lysates has been reported by Gross (1976) . This translational repressor protein blocks the formation of an initiation complex between initiator tRNA and the 40S subunit (Legon et al., 1973) and prevents combination of both ribosomal subunits with deacylation of ribosome-bound Met-tRNAf (Balkow et al., 1973) . A similar inhibitor has been reported to be present in Friend leukaemia cells (Pinphanichakarn et al., 1977) . It cannot be excluded that such a factor is present in our preparation and inhibits peptideinitiation factors in the active fractions.
Fraction B represents apparently a large complex of informational macromolecules with aminoacyl-tRNA synthetases. In addition to leucyl-tRNA synthetase, ligases for several other amino acids are also present (J. Hradec, 0. Kfiz & Z. Dusek, unpublished work).
Evidence has accumulated that the aminoacyl-tRNA synthetases occur in multiple forms of relatively large complexes in cytoplasm and are partially rather firmly bound to ribosomes. Bandyopadhyay & Deutscher (1971) reported the presence of such complexes and their results have been confirmed by several authors (Vennegoor & Bloemendal, 1972; Ussery et al., 1977) . It cannot be excluded that fraction B has some relation to these complexes. 1978 Nevertheless, the surprising fact that the aminoacyltRNA-synthesizing activity of fraction B is significantly stimulated by mRNA has not been reported so far. Relatively large complexes of essentially all factors required for protein synthesis are thus isolated by affinity chromatography on heparinSepharose 4B. The possibility that they may be artifacts resulting from the isolation technique is not very probable, since a mild and rapid procedure was used for the preparation. It cannot be excluded, however, that such a complex occurs naturally in mammalian cells and may play some role in regulating protein synthesis, as suggested by others (Ussery et al., 1977) .
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